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Synthesis and Characterization 
General Methods. LSI-MS and HR-MS spectra were determined on a VG AutoSpec apparatus, ESI-MS 
spectra were obtained from an Applied Biosystems QSTAR equipment. NMR spectra were recorded with a 
BRUKER AVANCE-II (300 MHz) instrument and BRUKER DRX 500 MHz. The temperature was actively 
controlled at 298 K. Chemical shifts are measured in ppm using the signals of the deuterated solvent as the 
internal standard [CDCl3 calibrated at 7.26 ppm (1H) and 77.0 ppm (13C), DMSO-D6 calibrated at 2.50 ppm 
(1H) and 39.5 ppm (13C), DMF-D7 calibrated at 8.03 ppm (1H), Acetone-D6 calibrated at 2.05 ppm (1H), CD2Cl2 
calibrated at 5.32 ppm (1H) and C2D2Cl4 calibrated at 6.0 ppm (1H)]. Column chromatography was carried 
out on silica gel Merck-60 (230-400 mesh, 60 Å), and TLC on aluminium sheets precoated with silica gel 60 
F254 (Merck). UV-Visible experiments were conducted using a JASCO V-660 apparatus. Emission spectra 
were recorded in a JASCO FP-8600 equipment. CD spectra were recorded with a JASCO V-815 equipment. 
In all these three instruments the temperature was controlled using a JASCO Peltier thermostatted cell holder 
with a range of 263–383 K, adjustable temperature slope, and accuracy of ± 0.1 K.  
Starting materials. Chemicals were purchased from commercial suppliers and used without further 
purification. Solid, hygroscopic reagents were dried in a vacuum oven before use. Reaction solvents were 
thoroughly dried before use using standard methods.  
The synthesis and characterization of compounds G1, C1, iG1, iC1, A1, U1, reference mononucleosidic 
compounds G, C, iG, iC, A and U,1 as well as monomer GC2 have been recently reported by us. The synthesis 
of dinucleoside monomers iGiC and AU are detailed below. 
 
Synthetic route. 
As shown in Scheme S1, dinucleosidic monomers GC, iGiC and AU, as well as reference mononucleosidic 
compounds G, C, iG, iC, A and U,1 were obtained by a two-step coupling procedure between 1,4-
diiodobenzene and the corresponding acetylenic base derivatives (G1, C1, iG1, iC1, A1 and U1) or 4-tert-
butylphenylacetylene. The alternative route, that is, the coupling between halogenated nucleobases and 1,4-
diethynylbenzene was also tested. However, this sequence resulted in small amounts of byproducts, coming 
from partial homocoupling of 1,4-diethynylbenzene during the Sonogashira reaction, that were difficult to 
separate.  
Therefore, for the synthesis of the reference mononucleosidic compounds, iodoarene 1 was prepared first 
as a common intermediate, and then coupled with the corresponding ethynyl-terminated base. In the case of 
the dinucleosidic monomers, the ethynyl-pyrimidine base (C1, iC1 or U1) was reacted first with excess 1,4-
diiodobenzene in order to maximize the yield of the target monosubstituted compound. Nevertheless, low 
amounts of the corresponding disubstituted compound and traces of the homocoupled product were 
sometimes obtained as well, which were separated by column chromatography. The ethynyl-purine base (G1, 
iG1 or A1) was then coupled in a second step. All final compounds were purified and characterized by 1H 
NMR, 13C NMR, UV-vis, MS and HR-MS techniques. 
                                                     
1  J. Camacho-García, C. Montoro-García, A. M. López-Pérez, N. Bilbao, S. Romero-Pérez, D. González-Rodríguez, Org. Biomol. Chem. 
2015, 13, 4506–4513. 
2 C. Montoro-García, J. Camacho-García, A. M. López-Pérez, N. Bilbao, S. Romero-Pérez, M. J. Mayoral, D. González-Rodríguez, Angew. 
Chem. Int. Ed. 2015, 54, 6780–6784; Angew. Chem. 2015, 127, 6884–6888.  
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The ribose unit, which is always pointing to the exterior of the cyclic tetramers, was functionalized with 
bulky, lipophilic groups in order to avoid undesired aggregation, so that we can focus only on the study of the 
nucleobase H-bonding process, and to provide characteristic signals in 1H NMR. For instance, the 2’ and 3’ 
ribose alcohols were protected as an acetonide group, while the 5’ position was functionalized as a tertbutyl 
ester (G1), an isopropyl ester (C1, U1) or a tertbutyldimethylsilyl (TBDMS) group (iG1, A1). The only exception 
is iC1, which was prepared from commercial isocytosine and was equipped with a 3,5-ditertbutylbenzyl group, 
instead of the natural ribose. 
 
 
Scheme S1. Synthesis of dinucleoside monomers GC, iGiC and AU, as well as reference mononucleosidic 
compounds G, C, iG, iC, A and U. The structure of precursor compounds G1, C1, iG1, iC1, A1 and U1 is also 
shown. 
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Synthetic procedures and characterization data. 
 
 
iC2 was prepared according to a standard procedure for the Sonogashira 
coupling reaction between the ethynyl-nucleobase iC1 and 1,4-diiodobenzene. 
A dry a THF/NEt3 (4:1) mixture (4 mL) was subjected to deoxygenation by three 
freeze-pump-thaw cycles with argon and poured over iC1 (0.4 g, 1.1 mmol), 1,4-
diiodobenzene (3.6 g 11.1 mmol), Pd(PPh3)2Cl2 (15 mg, 0.02 mmol), and CuI 
(2.1 mg, 0.01 mmol). The mixture was stirred under argon for 12 h at 40 ºC. 
Once completed, the mixture was filtrated over a celite plug and the solvent was evaporated under reduced 
pressure. The product was purified by column chromatography on silica gel eluted with CHCl3/MeOH (50:1), 
affording iC2 as a yellow solid (0.49 g, 83 %). The excess of 1,4-diiodobenzene was recovered. 1H NMR (300 
MHz, CDCl3) δ (ppm) = 7.58 (d, J = 8.3 Hz, 2H, He), 7.40 (s, 1H, H6iC), 7.35 (s, 1H, H5’iC), 7.14 (d, J = 8.3 Hz, 
2H, Hd), 7.04 (s, 2H, H3’iC), 4.98 (s, 2H, H1’iC), 1.27 (s, 18H, -C(CH3)3). 13C NMR (126 MHz, DMSO-D6) δ (ppm) 
= 137.6, 132.8, 79.2, 79.2, 79.0, 78.7, 57.5, 45.8, 39.5, 34.5, 31.2, 23.1, 19.2, 13.5. MS (FAB+): 540.1 [M+H]+.  
 
 
iGiC was prepared according to a standard procedure for the 
Sonogashira coupling reaction between the ethynyl-nucleobase 
iG1 and iC2. A dry a THF/NEt3 (4:1) mixture (5 mL) was 
subjected to deoxygenation by three freeze-pump-thaw cycles 
with argon and poured over iG1 (90.7 mg, 0.2 mmol), iC2 (88.3 
mg, 0.2 mmol), Pd(PPh3)2Cl2 (2.3 mg, 0.003 mmol), and CuI 
(0.3 mg, 0.001 mmol). The mixture was stirred under argon for 
12 h at 40 ºC. Once completed, the mixture was filtrated over a celite plug and the solvent was evaporated 
under reduced pressure. The product was purified by recrystallization in acetonitrile, affording iGiC as a yellow 
solid (129.6 mg, 91 %). 1H NMR (300 MHz, DMSO-D6) δ (ppm) = 11.16 (s, 1H, NH1iG), 8.40 (s, 1H, H6iC), 8.20 
(s, 1H, H5’iC), 7.75 (d, J = 8.0 Hz, 2H, He), 7.66 (d, J = 8.2 Hz, 2H, Hd), 7.49 (s, 2H, NH2, H3’iC), 6.21 (s, 1H, 
NH1), 5.75 (d, J = 6.1 Hz, 1H, H1’iG), 5.20 (s, 2H, H1’iC), 5.13 (s, 1H, H2’iG), 4.26 (s, 1H, H3’iG), 3.96 - 3.82 (m, 
2H, H5’iG), 3.54 (s, 1H, H4’iG), 1.69 (s, 3H, -OC(CH3)2), 1.49 (s, 3H, -OC(CH3)1), 1.43 (s, 18H, -C(CH3)3), 0.94 
(s, 9H, -Si(CH3)2(CH3)3), 0.07 (s, 6H, -Si(CH3)2(CH3)3). 13C NMR (126 MHz, DMSO-D6) δ (ppm) = 167.5, 154.6, 
150.8, 147.5, 134.6, 131.9, 131.5, 130.5, 128.8, 128.7, 124.4, 121.5, 121.1, 119.6, 113.2, 102.2, 93.2, 90.9, 
89.1, 87.3, 86.2, 82.3, 81.8, 81.5, 80.4, 79.2, 79.0, 78.7, 63.3, 61.9, 53.4, 39.5, 34.6, 31.2, 29.0, 27.4, 27.1, 
25.7, 25.3, 23.1, 22.1, 19.2, 18.0, 14.0, 13.5, -3.2, -5.4, -5.5. HRMS (FAB+): Calculated for C48H66N8O6Si: 
873.4405 [M+H]+. Found: 873.4496 [M+H]+. UV-VIS: λmax (monomer, DMAC, 298 K) = 371 nm (ε = 36152 M-
1cm-1). Emission: λmax (monomer, DMAC, 298 K) = 463 nm. 
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U2 was prepared according to a standard procedure for the Sonogashira 
coupling reaction between the ethynyl-nucleobase U1 and 1,4-
diiodobenzene. A dry a THF/NEt3 (4:1) mixture (10 mL) was subjected to 
deoxygenation by three freeze-pump-thaw cycles with argon and poured over 
U1 (1.0 g, 2.6 mmol), 1,4-diiodobenzene (4.4 g 13.2 mmol), Pd(PPh3)2Cl2 (37 
mg, 0.05 mmol), and CuI (5.0 mg, 0.03 mmol). The mixture was stirred under 
argon for 12 h at 40 ºC. Once completed, the mixture was filtrated over a celite 
plug and the solvent was evaporated under reduced pressure. The product was purified by column 
chromatography on silica gel eluted with CHCl3/MeOH (50:1), affording U2 as a pale yellow solid (1.3 g, 85 
%). The excess of 1,4-diiodobenzene was recovered. 1H NMR (300 MHz, DMSO-D6) δ (ppm) = 11.83 (s, 1H, 
NH), 8.12 (s, 1H, H6U), 7.79 (d, J = 8.4 Hz, 2H, He), 7.24 (d, J = 8.4 Hz, 2H, Hd), 5.85 (d, J = 2.0 Hz, 1H, H1’U), 
5.07 (dd, J = 6.4, J’ = 2.1 Hz, 1H, H2’U), 4.81 (d, J = 6.7 Hz, 1H, H3’U), 4.26 - 4.22 (m, J = 2.1 Hz, 3H, H4’U, 5’U), 
2.58 (hept, J = 7.0 Hz, 1H, -OCOCH(CH3)2), 1.49 (s, 3H, -OC(CH3)2), 1.30 (s, 3H, -OC(CH3)1), 1.07 (dd, J = 
7.0, J’ = 4.2 Hz, 6H, -OCOCH(CH3)2). 13C NMR (75 MHz, CDCl3) δ (ppm) = 176.6, 161.3, 149.1, 143.7, 137.6, 
133.1, 122.0, 114.9, 100.4, 94.8, 94.0, 93.1, 85.1, 84.9, 81.3, 80.8, 63.8, 34.0, 27.2, 25.4, 19.1, 19.0. MS 
(FAB+): 581.2 [M+H]+. 
 
 
AU was prepared according to a standard procedure for the 
Sonogashira coupling reaction between the ethynyl-
nucleobase A1 and U2. A dry a THF/NEt3 (4:1) mixture (5 
mL) was subjected to deoxygenation by three freeze-pump-
thaw cycles with argon and poured over A1 (0.6 g, 1.0 
mmol), U2 (0.5 g, 0.9 mmol), Pd(PPh3)2Cl2 (12 mg, 0.017 
mmol), and CuI (1.6 mg, 0.009 mmol). The mixture was 
stirred under argon for 12 h at 40 ºC. Once completed, the mixture was filtrated over a celite plug and the 
solvent was evaporated under reduced pressure. The product was purified by column chromatography on 
silica gel eluted with CHCl3/MeOH (40:1), affording AU as a yellow solid (0.5 g, 62 %). 1H NMR (300 MHz, 
DMSO-D6) δ (ppm) = 11.87 (s, 1H, NH3U), 8.16 (s, 1H, H6U), 7.65 (d, J = 8.3 Hz, 2H, He), 7.55 (d, J = 8.3 Hz, 
2H, Hd), 7.01 (s, 2H, NH22A), 6.21 (s, 2H, NH26A), 6.12 (d, J = 1.6 Hz, 1H, H1’A), 5.86 (d, J = 2.0 Hz, 1H, H1’U), 
5.60 – 5.55 (m, 1H, H2’A), 5.14 (dd, J = 6.2, J’ = 3.4 Hz, 1H, H2’U), 5.08 (dd, J = 6.4, J’ = 2.1 Hz, 1H, H3’A), 4.82 
(d, J = 6.5 Hz, 1H, H3’U), 4.26 (s, 3H, H4’A, 5’A), 4.11 (d, J = 3.9 Hz, 1H, H4’U), 3.76 – 3.65 (m, 2H, H5’U), 2.58 
(hept, J = 7.0 Hz, 1H, - OCO-CH(CH3)2), 1.54 (s, 3H, -OC(CH3)U), 1.50 (s, 3H, -OC(CH3)A), 1.35 (s, 3H, -
OC(CH3)U), 1.30 (s, 3H, -OC(CH3)A), 1.08 (dd, J = 7.0, J’ = 4.0 Hz, 6H, -OCOCH-(CH3)2), 0.76 (s, 9H, -
OSi(CH3)2-(CH3)3), -0.15 (d, J = 5.6 Hz, 6H, -OSi(CH3)2-(CH3)3). 13C NMR (75 MHz, CDCl3) δ (ppm) = 176.9, 
162.5, 160.5, 157.3, 150.9, 150.3, 143.1, 132.2, 131.8, 131.6, 122.9, 121.5, 115.8, 115.4, 113.6, 100.7, 94.0, 
90.6, 87.5, 83.3, 82.4, 81.5, 81.0, 80.1, 77.2, 63.5, 33.9, 32.1, 29.8, 29.5, 27.6, 27.2, 26.7, 26.0, 25.7, 22.8, 
19.4, 19.0, 18.5, 14.3, 1.2, -5.2, -5.3. HRMS (MALDI): Calculated for C45H56N8O11SiNa: 935.3746 [M+Na]+. 
Found: 935.3730 [M+Na]+. UV-VIS: λmax (monomer, Dioxane, 298 K) = 365 nm (ε = 38767 M-1cm-1). Emission: 
λmax (monomer, Dioxane, 298 K) = 443 nm.   
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1H NMR Experiments in Apolar Solvents (Figures S1-S6) 
 
A first insight into the self-assembly of monomers GC, iGiC and AU was obtained from the analysis of NMR 
data in apolar solvents such as CDCl3, CD2Cl2, CDCl2CDCl2 or CCl4.  
10-1–10-5 M solutions of GC and iGiC in these solvents displayed 1H NMR spectra (Figures S1 and S2) that 
are characteristic of base pair association. The H-bonded amide and amine proton signals appeared in CDCl3 
at 13.4 ppm (G-H1) and 10.0 ppm (C-H1) for GC, and at 13.7 ppm (iG-H1) and 10.1 ppm (iC-H1) for iGiC. The 
H-bonded G-H2 and iG-H2 amine protons are typically observed at low temperatures at 8.5 and 10.0 ppm,3 
respectively (see Figure S2). For these two monomers, the shape and position of these H-bonded signals, in 
particular the more shielded G-H1 or iG-H1 amide protons, do not change significantly with concentration 
(Figure S1), temperature (Figure S2) or solvent variations (i.e. addition of THF-D8 or acetone-D6). This behavior 
contrasts the changes observed in 1:1 mixtures of mononucleosides G and C or iG and iC, where the H-
bonded protons experience an upfield shift upon increasing dilution, temperature or solvent polarity as the 
paired bases dissociate. The exceptional stabilization of the H-bonded species in GC and iGiC was attributed 
to the quantitative formation of the cyclic tetramers cGC42 and ciGiC4 in apolar solvents. 
Base pairing in cGC4 and ciGiC4 was confirmed through NOESY experiments (Figure S3), where clear cross-
peaks between G-H1 and C-H1, and between iG-H1 and iC-H1, were observed. DOSY experiments carried out 
in CDCl3 (Figure S4), on the other hand, revealed in both cases a single diffusing species. The diffusion 
coefficients obtained from the T1/T2 relaxation curves match an assembly whose hydrodynamic radius agrees 
with the expected size of a cyclic tetramer, obtained from molecular modeling studies. The model structures 
also show that only a cyclic tetramer allows for optimal triple H-bonding interactions between the nucleobase 
edges. Cyclic trimer or pentamer assemblies are more strained and far from achieving an optimal Watson-
Crick H-bonding geometry.4 
The association behavior of monomer AU in the same conditions is markedly different. The 1H NMR spectra 
in CDCl3 solutions revealed a mixture of two main species (Figures S1 and S2). One of them exhibits a U-H1 
imide proton signal at 13.8 ppm, whose shape and position does not change significantly with concentration 
or temperature. The other species presents a U-H1 signal within the 13.0–9.0 ppm range and exhibits a high 
sensitivity to concentration or temperature changes. This picture was interpreted as a slow equilibrium between 
cAU4 and monomer AU, which is at the same time in fast equilibrium with small open oligomers (dimers, 
trimers,..). The first unshifted U-H1 signal at 13.8 ppm was therefore assigned to cAU4 and the second imide 
signal to the mixture of small, rapidly exchanging oligomers, whose behavior upon concentration or 
temperature changes is reminiscent to the one shown by the 1:1 complex of A and U in the same conditions. 
DOSY experiments (Figure S5B) in CDCl3 at 298 K also suggested the presence of two main species in slow 
                                                     
3 a) D. González-Rodríguez, J. L. J. van Dongen, M. Lutz, A. L. Spek, A. P. H. J. Schenning, E. W. Meijer, Nature Chem. 2009, 1, 151-
155.; b) D. González-Rodríguez, P. G. A. Janssen, R. Martín-Rapún, I. De Cat, S. De Feyter, A. P. H. J. Schenning, E. W. Meijer, J. Am. 
Chem. Soc. 2010, 132, 4710-4719. 
4 Cyclic tetramer assemblies were observed by STM studies at the solvent-HOPG interface: N. Bilbao, I. Destoop, S. De Feyter, D. 
González-Rodríguez, Angew. Chem. Int. Ed. 2015, DOI: 10.1002/anie.201509233; Angew. Chem. 2015, DOI:  10.1002/ange.201509233. 
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equilibrium that displayed distinct diffusion coefficients. The analysis of this sample by EXSY NMR (Figure 
S5A) afforded an exchange rate constant between the two slowly exchanging species of k = 6.6 ± 0.3 s-1.  
Decreasing concentration (Figure S1) or increasing temperature (Figure S2) results in the growth and upfield 
shift of the U-H1 signal between 13.0–9.0 ppm at the expense of the cAU4 signal at 13.8 ppm, as the A-U base 
pairs are less involved in H-bonding and the AU monomer gradually becomes the most abundant species in 
solution. At the other extreme, at high concentrations and low temperatures, the 1H signal at 13.8 grows to 
become the only detectable imide signal, indicating that AU is mainly associated as a cyclic tetramer. The 
analysis of these samples by NOESY (Figure S3) revealed cross-peaks between U-H1 and A-H2 proton signals, 
confirming H-bonding association.  
The stabilization of the cAU4 macrocycle could also be achieved by decreasing solvent polarity in mixtures 
of CDCl3 and CCl4 (Figure S6). As shown in Figure S6A, the increase in the volume fraction of CCl4 produced 
the gradual disappearance of the AU monomer signals and the quantitative formation of cAU4, which revealed 
now a single set of 1H NMR signals. NOESY (Figure S6A) and DOSY (Figure S4) experiments performed in a 
2:3 v/v CDCl3–CCl4 mixture at 298 K were now very similar to those obtained for cGC4 and ciGiC4 in CDCl3, 
and supported the presence of a predominant H-bonded species, diffusing with a size that matches the 
predicted cAU4 hydrodynamic radius obtained from computational models (see Figure S4). Dilution 
experiments in this 2:3 v/v CDCl3–CCl4 mixture (Figure S6B) revealed the growing of the AU monomer signals 
only at concentrations well below 10-3 M.   
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S1. Concentration-dependent 1H NMR spectra 
 
Figure S1. 14.5-6.5 ppm region of the 1H NMR spectra of (a) GC, (b) iGiC and (c) AU in CDCl3 at different 
concentrations. T = 298 K. 
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S2. Temperature-dependent 1H NMR spectra 
 
Figure S2. 14.5-6.5 ppm region of the 1H NMR spectra of (a) GC in CDCl3 and CDCl2CDCl2, (b) iGiC in CD2Cl2 
and CDCl2CDCl2 and (c) AU in CDCl3 at different temperatures. In all cases, C = 1.0x10-2 M. 
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S3. 2D NOESY Spectra 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S3. Region of the NOESY NMR spectrum of (a) GC in CDCl3 (C = 1.0x10-2 M, T = 298 K), (b) iGiC in 
CD2Cl2 (C = 1.0x10-2 M, T = 238 K) and (c) AU in CDCl3 (C = 1.0x10-2 M, T = 253 K).  
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S4. DOSY spectra and Molecular size estimation 
 
 
 
Figure S4. 2D-DOSY NMR spectrum of (a) GC, (b) iGiC in CDCl3 (1.0x10-2 M, 298 K) and (c) AU in CDCl3:CCl4 
(2:3) (1.0x10-2 M, 298 K) with mesitylene as internal reference. T1/T2 relaxation curves of the 1H NMR signals 
of (d) GC at 8.02, 7.54, 7.44 and 5.47 ppm, (e) iGiC at 6.59, 6.52, 1.22, 1.12 and 0.99 ppm and (f) AU at 7.62, 
5.17, 4.33 and 3.70 from which D0 was calculated. 
 
 
S12 
 
The experimental values of diffusion coefficient (D0) obtained from the DOSY NMR experiment can be 
related to the hydrodynamic radius (R) of a molecule with average spherical size through the Stokes-Einstein 
equation:5 
ܦ ൌ ݇௕ܶ6ߨߟ଴ܴ 
 
where kb is the Boltzmann’s constant, T the temperature and 0 is the viscosity of the solvent. The use of an 
internal reference whose hydrodynamic radius is known, like mesitylene in this case (Rref = 3.0 Å), allows the 
estimation of the aggregate size by direct D0 comparison, using the following equation:6  
ܴ୭ ൌ ܴ௥௘௙	ܦ௥௘௙	ܦ଴	  
 
Table S1. Calculated diffusion coefficients (D0) and estimated hydrodynamic radii (R) 
 
Peak 
ppm 
D0 
m2s-1 
R[a] 
Å 
R[b,c] 
Å 
GC[c,d] 
8.02 8.632x10-12 22.46 
22.5 
7.54 8.608x10-12 22.53 
7.44 8.587x10-12 22.58 
5.47 8.459x10-12 22.92 
iGiC[d] 
6.59 2.311x10-12 25.84 
6.52 2.260x10-12 26.42 
1.22 2.390x10-12 24.98 
1.12 2.470x10-12 24.18 
0.99 2.387x10-12 25.02 
AU[e] 
7.62 6.817x10-12 23.61 
5.17 6.640x10-12 24.24 
4.33 6.589x10-12 24.43 
3.70 6.725x10-12 23.93 
Mesitylene[d] 
6.98 1.968x10-11  
3.0 
2.47 2.013x10-11  
Mesitylene[e] 
6.80 5.400x10-11  
2.32 5.330x10-11  
[a] Calculated using mesitylene as an internal reference. [b] Calculated from computed models. 
[c] Reference 2. [d] in CDCl3. [e] in CDCl3:CCl4 (2:3).  
                                                     
5 A. Einstein, Ann. Phys. 1906, 324, 289-306. 
6 (a) P. Timmerman, J.-L. Weidmann, K. A. Jolliffe, L. J. Prins, D. N. Reinhoudt, S. Shinkai, L. Frish, Y. Cohen, J. Chem. Soc., Perkin 
Trans. 2, 2000, 2077–2089. (b) Y. Cohen, L. Avram, L. Frish, Angew. Chem. Int. Ed. 2005, 44, 520–554; Angew. Chem. 2005, 4, 524–
560. 
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S5. DOSY and EXSY NMR spectra in CDCl3 
 
 
Figure S5A. 14.0-3.5 ppm region of the (a) NOESY spectrum of AU in CDCl3 at m = 0 ms and (b) T-ROESY 
spectrum of AU in CDCl3 at m = 150 ms. Ribose proton region (8.0-5.5 ppm) was magnified at the right. In all 
cases, C = 1.0x10-2 M, T = 298 K.  
NOESY and T-ROESY spectra show several cross peaks that correspond to the exchange of AU between 
monomer and cyclic tetramer states. Some of the ribose proton signals were considered appropriate to 
calculate the exchange rate constants, since they are well-separated and correspond to C-H protons. In order 
to calculate the exchange rate constants, 2D NOESY spectrum was taken at 150 ms and the data was 
analyzed in two ways: 
a) Using the equations shown below, where k is the exchange rate constant, m is the mixing time, XA and 
XB are the molar fractions of molecules in states A and B, respectively, IAA and IBB are the diagonal peak 
intensities, and IAB and IBA are the cross-peak intensities, we obtained values for k, which are the sum of the 
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forward (association; k1) and backward (dissociation; k-1) pseudo-first order rate constants for the assembly 
process.  
݇ ൌ 1߬௠ ln
ݎ ൅ 1
ݎ െ 1 													ݎ ൌ 4 ஺ܺܺ஻
ܫ஺஺ ൅ ܫ஻஻
ܫ஺஻ ൅ ܫ஻஺ െ ሺ ஺ܺ െ ܺ஻ሻ
ଶ 
b) Using the software EXSY Calc (from MestreLab Research, available at http://mestrelab.com/software/), 
which affords a quantitative analysis of the experimental intensities of the NMR peaks obtained in EXSY 
experiments to calculate the magnetization exchange rates of the exchange equilibrium. EXSY Calc directly 
calculates the forward (association; k1) and backward (dissociation; k-1) pseudo-first order rate constants by 
resolving the corresponding exchange rate matrix. Then, k = k1 + k-1. 
Table S2. Kinetic data of AU in CDCl3 (C = 1.0x10-2 M, T = 298 K) obtained by both methods.  
m 
ms
Method a Method b 
k 
s-1 
k1 
s-1 
k-1 
s-1 
k 
s-1 
150 6.33 4.57 2.35 6.92 
 
 
 
 
Figure S5B. 2D-DOSY NMR spectrum of AU in CDCl3 (1.0x10-2 M, 298 K).  
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S6. AU Cyclic tetramer association with CCl4 
 
 
Figure S6A. (a) Changes in the 14.5-6.5 ppm region of the 1H NMR spectra AU upon increasing the volume 
fraction of CCl4 in CDCl3. (b) NOESY spectrum of AU in CDCl3:CCl4 (2:3) at m = 150 ms. In all cases, C = 
1.0x10-2 M, T = 298 K. 
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Figure S6B. 14.0-8.0 ppm and 6.3-5.7 ppm regions of the 1H NMR spectra of AU upon decreasing the 
concentration of AU in CDCl3:CCl4, T = 298 K. 
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1H NMR Experiments in Polar Solvents (Figures S7-S11) 
 
On the other hand, the addition of polar cosolvents produced the dissociation of the cyclic tetramers and 
allowed us to study in further detail the monomer–tetramer equilibria. Due to the different association strength 
of the cGC4 and ciGiC4 assemblies, on one hand, and the cAU4 species, on the other, we employed quite 
different conditions in each case. 
Firstly, we monitored the changes observed by 1H NMR upon increasing DMSO-D6 content in CDCl3 solutions 
(Figure S8). As experienced with cGC4 in our previous work,2 ciGiC4 showed also a high resistance to this 
highly polar cosolvent, and the cyclic tetramer persisted even after the addition of ca. 80% DMSO. The cAU4 
assembly, on the contrary, could not resist more than 7% DMSO in CDCl3 and 12% DMSO in the 2:3 v/v 
CDCl3–CCl4 mixture. In this case, acetone-D6 was instead employed (Figure S7) as the polar cosolvent. It is 
interesting to note that the addition of small amounts of this solvent onto CDCl3 solutions affected mainly the 
position of the U-H1 signal assigned to the AU monomer and small oligomers mixture in fast equilibrium. 
Further acetone-D6 addition (over ca. 60%) eventually led to the complete dissociation of the cAU4 assembly, 
monitored by the disappearance of the signal at 13.8 ppm. Throughout all these titrations with polar solvents 
the tetramer proton signals (either cGC4, ciGiC4 or cAU4) did not change significantly in shape or position, 
suggesting in all cases slow equilibria in the NMR timescale and underlining the superior kinetic stability of this 
cyclic species.  
cGC4 and ciGiC4 self-assembly was also studied in 100% DMF-D7 solutions within the 10-1-10-3 M range, 
where a slow monomer-tetramer equilibrium was again noted (Figures S9-S11). The AU dinucleoside, on the 
contrary, existed only as monomer in these conditions. The analysis of these DMF-D7 solutions by DOSY NMR 
(Figure S11) revealed now the presence of two species: the cGC4/ciGiC4 tetramer, having a lower diffusion 
coefficient, and the corresponding monomer. EXSY NMR measurements (Figure S10) confirmed that the 
exchange between these two chemical species is remarkably slow for such a polar solvent, and exchange rate 
constants of k = 3.0 ± 0.7 s-1 (GC)2 and k = 7.2 ± 0.2 s-1 (iGiC) were calculated. On the other hand, 
concentration-dependent measurements in DMF-D7 (Figure S9) confirmed a cyclotetramerization process that 
followed the linear relationship [M4] = KT[M]4 within the 10-1-10-3 M concentration range, which allowed to 
extract the equilibrium constants (KT; Table 1 in the text). 
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S7. AU Cyclic tetramer dissociation with acetone content 
 
Figure S7A. Changes in the 14.5-6.5 ppm region of the 1H NMR spectra AU upon increasing the volume 
fraction of Acetone-D6 in CDCl3 (1.0x10-2 M, T = 298 K). 
 
Figure S7B. (a) Changes in the 14.5-6.5 ppm region of the 1H NMR spectra AU upon decreasing the 
concentration of AU in CDCl3:Acetone-D6, T = 298 K. (b) Plot of [cAU4] vs [AU]4 in CDCl3:Acetone-D6.
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S8. GC / iGiC Cyclic tetramer dissociation with DMSO content   
 
Figure S8. Changes in the 14.5-6.5 ppm region of the 1H NMR spectra (a) GC, (b) iGiC and (c) AU upon 
increasing the volume fraction of DMSO-D6 in CDCl3. In all cases, C = 1.0x10-2 M, T = 298 K.  
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S9. Concentration-dependent 1H NMR experiments in DMF-D7 
 
 
Figure S9. 14.5-4.0 ppm region of the 1H NMR spectra of (a) GC and (b) iGiC in pure DMF-D7 as a function 
of the concentration (T = 298 K). Plots of (c) [cGC4] vs [GC]4 and (d) [ciGiC4] vs [iGiC]4 in pure DMF-D7. 
 
Dilution experiments of GC and iGiC in highly polar solvents revealed the presence of an equilibrium 
between monomer and cyclic tetramer. It is interesting to note that the shape and position of the G-amide and 
C-amine protons do not change with concentration, suggesting a very slow exchange in the NMR timescale 
and an “all-or-nothing“ behavior. The concentrations of GC / iGiC and cGC4 / ciGiC4 were calculated in each 
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spectrum by signal integration (at least 2 C-H proton signals for each species were averaged). Within the whole 
concentration range, [cGC4], [cGiGi4], [GC]4 and [iGiC]4 follow a linear relationship (but not [ciGiC4] and [iGiC]3 
or [ciGiC4] and [iGiC]5, supporting the formation of a tetramer) from which KT was calculated:  
ܭ் ൌ ሾܿ۵۱૝ሿሾ۵۱ሿସ 																	ܭ் ൌ
ሾܑܿ۵ܑ۱૝ሿ
ሾܑ۵ܑ۱ሿସ  
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S10. EXSY NMR spectra in DMF-D7 
 
Figure S10A. 14.0-4.0 ppm region of the (a) NOESY spectrum of GC in DMF-D7 at m = 0 ms and                    
(b) T-ROESY spectrum of GC in DMF-D7  at m = 100 ms. Two regions were magnified at the right: (top) ribose 
proton region (7.2-5.0 ppm) and (bottom) H-bonded proton region (14.0-9.4 ppm). In all cases, C = 2.0x10-2 
M, T = 298 K. 
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Figure S10B. 14.5-3.5 ppm region of the (a) NOESY spectrum of iGiC in DMF-D7  at m = 150 ms and (b) T-
ROESY spectrum of iGiC in DMF-D7  at m = 150 ms. The ribose proton region 6.4-5.0 ppm was magnified at 
the right. In all cases, C = 1.5x10-2 M, T = 298 K. 
 
Table S3. Kinetic data obtained by both methods (see Figure S5) at different mixing times. 
  Method a Method b 
 m 
ms 
k 
s-1 
k1 
s-1 
k-1 
s-1 
k 
s-1 
GC[a] 200 2.46 1.45 1.31 2.76 
 100 3.70 1.93 1.76 3.69 
 50 2.35 1.17 1.13 2.30 
iGiC 150 7.06 5.06 2.30 7.36 
[a] Reference 2. An average value of k = 3.0 ± 0.7 s-1 was taken for the GC monomer-tetramer exchange 
rate constant in DMF. 
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S11. DOSY NMR spectra in DMF-D7 
 
 
Figure S11. 2D-DOSY NMR spectrum of (a) GC and (b) iGiC with mesytilene as external reference in                 
DMF-D7 (1.0x10-2 M, T = 298 K). 
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Optical Spectroscopy Experiments (Figures S12-S14) 
 
A second method we devised to study the cyclotetramerization equilibria is to employ low concentrations       
(10-3 to 10-7 M) and highly sensitive techniques, such as absorption, emission and circular dichroism (CD) 
spectroscopy. In these experiments, as it is described below, the choice of the solvent was very relevant again 
(see Figure S12). 
For GC and iGiC, DMF or DMAC (dimethylacetamide) solvents are too polar and, as previously observed in 
1H NMR dilution experiments (see Figure S8), the monomer is the only species present below a concentration 
of 10-3 M. At the other extreme, in apolar solvents that do not compete strongly for H-bonding, like CCl4, CHCl3, 
chlorobenzene, or toluene, the tetramer is too stable to be dissociated significantly by concentration or 
temperature changes (Figure S12). Comparing monomer and tetramer spectroscopic features, the 
cGC4/ciGiC4 species are respectively characterized by an absorption shoulder at 393/401 nm, a red-shifted 
and low intensity emission maxima, and a Cotton effect with maxima at 357/366 and minima at 299/392 and 
404/409 nm. We confirmed that such Cotton effect is only originated by cyclic H-bonding assembly, and not 
by  stacking interactions or by single nucleoside interactions. The G + C or iG + iC 1:1 complexes, for 
instance, are CD-inactive when associated. In solvents of intermediate polarity, like THF or dioxane, we could 
study the cyclotetramerization equilibria of GC and iGiC within the 2x10-4–1x10-6 concentration regime (Figures 
S12-14A,B). The analysis of these data by concentration- and temperature-dependent experiments afforded 
the equilibrium constant (KT) and the enthalpic (H) and entropic (S) changes associated with the 
cyclotetramerization process of GC and iGiC in THF, which are listed in Table 1 in the text and Tables S4-S5, 
respectively. 
The situation is again different for monomer AU. Solvents like THF or dioxane are already too polar for this 
dinucleoside, which is present in solution only as monomeric species in the whole concentration and 
temperature range studied. The monomer-tetramer equilibria could only be investigated at these low 
concentrations in solvents of very low polarity, such as the 2:3 CHCl3-CCl4 mixture, chlorobenzene or toluene. 
The cAU4 assembly displayed spectroscopic characteristics that are related to the other cyclic tetramers: red-
shifted absorption and emission maxima, and a Cotton effect with maxima at 413 and minima at 371. Similar 
concentration- and temperature-dependent experiments as those carried out with GC and iGiC in THF were 
performed with AU in these solvents (Figures S12-14C). The spectroscopic trends in the 2:3 CHCl3-CCl4 
mixture were fitted to appropriate models in order to calculate KT, H and S (see Tables 1, S4 and S5). 
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S12. Temperature-dependent absorption, emission and CD spectra in different solvents 
 
Figure S12A. Temperature-dependent UV-vis (left), emission (center) and CD (right) spectroscopic changes 
of GC in different solvents (dimethylacetamide (DMAC), C = 1.0x10-4 M; 1,4-dioxane, C = 5.0x10-5 M; THF,    
C = 1.25x10-5 M; CCl4, C = 1.25x10-5 M).  
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Figure S12B. Temperature-dependent UV-vis (left), emission (center) and CD (right) spectroscopic changes 
of iGiC in different solvents (dimethylacetamide (DMAC), C = 2.0x10-4 M; THF, C = 1.0x10-5 M; Chlorobenzene, 
C = 3.0x10-4 M).  
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Figure S12C. Temperature-dependent UV-vis (left), emission (center) and CD (right) spectroscopic changes 
of AU in different solvents (1,4-dioxane, C = 3.0x10-4 M; CHCl3:CCl4 (2:3), C = 3.0x10-4 M; Chlorobenzene, C 
= 3.0x10-4 M, Toluene, C = 2.0x10-5 M).  
It should be noted that the small spectroscopic changes (that is, a small red shift and an increase in intensity 
in absorption and emission when decreasing temperature) observed in very polar solvents, where the 
monomer is only present in solution, or in apolar solvents such as chlorobenzene, toluene or CCl4, where the 
cyclic tetramers cGC4/ ciGiC4 are the dominant species, are common in oligo(phenyleneethynylene) and 
oligo(phenylenevinylene) molecules and are due to planarization of the -conjugated system at low 
temperatures.3b These changes are obviously not observed in concentration-dependent measurements or in 
competition experiments at constant temperature. 
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S13. Concentration-dependent absorption, emission and CD spectra  
Calculation of KT from the spectroscopic changes experienced by GC,2 iGiC and AU upon association into 
cyclic tetramers was performed by using the software ReactLab™ EQUILIBRIA which is developed and 
commercialized by Jplus Consulting Pty Ltd (http://jplusconsulting.com/). It allows for the global fitting of multi-
wavelength spectroscopic data to chemical reaction schemes, and determines all equilibrium constants in the 
underlying mechanism. The analysis also yields the concentration distributions of all species and the individual 
spectra of all the participating species. The program, including all algorithms and the GUI frontend has been 
developed in Matlab and compiled to produce the final deployable application.  
A large wavelength region in the absorption concentration-dependent spectra (covering about 200 nm; 
each wavelength representing one set of data) was fitted by this software. Only the fitting of a few selected 
wavelengths are plotted below, together with the calculated monomer and tetramer spectra. The 
cyclotetramerization equilibrium reaction was inserted in the program and KT was calculated by 
multiwavelength fitting (see Table S4 below). 
 
 
Figure S13A. (a) Calculated GC monomer (red) and cGC4 (blue) absorption spectra. (b) Fitting of the 
concentration-dependent absorption data at 5 selected wavelengths (THF, 298 K).  
 
Figure S13B. (a) Calculated iGiC monomer (red) and ciGiC4 (blue) absorption spectra. (b) Fitting of the 
concentration-dependent absorption data at 5 selected wavelengths (THF, 298 K).  
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Figure S13C. (a) Calculated AU monomer (red) and cAU4 (blue) absorption spectra. (b) Fitting of the 
concentration-dependent absorption data at 5 selected wavelengths (CHCl3:CCl4 (2:3), 298 K).  
 
Table S4. Concentration-dependent data fitted by ReactLab™ EQUILIBRIA  
 Data KT
 
M-3 
GC[a,b] UV-vis (9.1±4.0) x1014 
iGiC[b] UV-vis (3.7±3.2) x1015 
AU[c] UV-vis (9.4±0.3) x1011 
[a] Reference 2. [b] THF. [c] CHCl3:CCl4 (2:3) 
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S14. Temperature-dependent absorption, emission and CD spectra  
The temperature-dependent association data was analyzed using the equal-K oligomerization (or 
isodesmic) model.7 The use of such model needs to be considered with caution. It is a model that supposes a 
distribution of oligomeric species with an average degree of polymerization (DPN) whose value depends on 
the temperature, the concentration and the association constant (Kiso). The model considers that the reversible 
formation of noncovalent bonds is identical for all binding events, implying that the reactivity of the end groups 
does not change during the supramolecular aggregation process. Thus, the equilibrium constants (Kiso) and 
Gibbs free energy changes are equal for each step of the growing aggregate. Such model is not strictly valid 
to fit our monomer–cyclic tetramer equilibria data, since our system is not composed of a distribution of 
oligomers, but mainly of GC/iGiC/AU monomers and ciGiC4/ciGiC4/cAU4, and self-assembly is limited at the 
tetramer level so the system does not grow further to a high extent. However, it has proven useful and 
sufficiently accurate as long as some precautions are taken.2 In order to minimize the effect of higher-order 
oligomers, we limited the experiments to low DPN values, well below 4 across the whole concentration or 
temperature range. The association constant calculated by this model (Kiso) should be then interpreted as an 
average apparent association constant for each monomer addition step to build a given oligomer, in this case 
a tetramer:  
 
Therefore, a tetramerization constant using the isodesmic model equals (Kiso)3. Likewise, the free energy, 
enthalpy and entropy changes for a tetramerization process would be three times those obtained from the 
equal-K model. 
Assuming a two-state equilibrium, the degree of polymerization or the molar fraction of aggregated species 
αagg(T) is related to temperature by means of a sigmoidal relation. The number-averaged degree of 
polymerization DPN(T) can be calculated from αagg(T): 
ܦ ேܲ ൌ 1ඥ1 െ ߙ௔௚௚ሺܶሻ
																					 
Taking into equation: 
ߙ௔௚௚ ൌ 1 െ 2ܭ்ܿ ൅ 1 െ ඥ4ܭሺܶሻ்ܿ ൅ 12ܭଶܿଶ் 																
 
This expression can be related to the equilibrium constant K and the total concentration of molecules cT via: 
ܦ ேܲ ൌ 1ඥ1 െ ߙ௔௚௚ሺܶሻ
ൌ 12 ൅
1
2ඥ4ܭሺܶሻ்ܿ ൅ 1																											
 
                                                     
7 (a) M. M. Smulders, M. M. L. Nieuwenhuizen, T. F. A. De Greef, P. Van der Schoot, A. P. H. J. Schenning, E. W. Meijer, Chem. Eur. J. 
2010, 16, 362-367. (b) T. F. A. De Greef, M. M. J. Smulders, M. Wolffs, A. P. H. J. Schenning, R. P. Sijbesma, E. W. Meijer, Chem. Rev. 
2009, 109, 5687-5754. 
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This is equal to equation: 
ܦ ேܲ ൌ ்ܿܿே ൌ
்ܿሺ1 െ ܭܿଵሻ
ܿଵ ൌ
1 ൅ ඥ4ܭ்ܿ ൅ 1
2 																										 
Aside from, as explained above, limiting our experiments to low DPN values, the analysis of the temperature-
dependent data required an additional correction. As explained above, the changes observed as a function of 
temperature in THF (for GC/iGiC) or CHCl3:CCl4 (for AU) reflect both the conformational changes due to 
planarization of the -conjugated system at low temperatures and the monomer-tetramer association 
equilibrium. In order to subtract the first effect, we normalized each set of data at the corresponding wavelength 
using the changes experienced by the system in the fully dissociated (DMAC for GC/iGiC or 1,4-dioxane for 
AU) or fully associated (CCl4 or chlorobenzene for GC/iGiC) state, where only the intrinsic conformational 
changes are observed with temperature. This kind of correction has been employed before by us and others 
in oligo(phenylenevinylene) aggregation processes.3b,8 
 
                                                     
8 P. Jonkheijm, P. van der Schoot, A. P. H. J. Schenning, E.W. Meijer, Science 2006, 313, 80-83.  
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Figure S14A. Temperature-dependent (a) UV-vis, (b) emission and (c) CD spectra, fitting of the corrected 
cooling curves to the isodesmic model (d-f), representation of the average degree of polymerization (DPN) vs 
T (g-i) and Van’t Hoff lnK vs T-1 plots (j-l) of GC in THF at 1.25 x 10-5 M.  
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Figure S14B. Temperature-dependent (a) UV-vis and (b) emission spectra, fitting of the corrected cooling 
curves to the isodesmic model (c,d), representation of the average degree of polymerization (DPN) vs T (e,f) 
and Van’t Hoff lnK vs T-1 plots (g,h) of iGiC in THF at 1.0 x 10-5 M.  
 
 
Figure S14C. Temperature-dependent (a) UV-vis and (b) CD spectra, fitting of the corrected cooling curves 
to the isodesmic model (c,d), representation of the average degree of polymerization (DPN) vs T (e,f) and Van’t 
Hoff lnK vs T-1 plots (g,h) of AU in CHCl3:CCl4 (2:3) at 3.0 x 10-4 M.  
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Table S5. Temperature-dependent data fitted by the isodesmic model 
 
Data λ nm Kiso 
[a] 
M-1 R
2 KT
 [a,b] 
M-3 
TM 
K 
DPN 
[a] 
∆H° [a,c] 
kJmol-1 
∆S° [a,c] 
Jmol-1K-1 
∆G° [a,d] 
KJmol-1 R 
 
UV-vis 362 1.5x105 0.999 3.4x1015 296 1.3 -70.1±1.0 -136.7±3.2 -29.4±2.0 0.998 
GC[e,f] 
CD 347 1.6x105 0.996 4.0x1015 295 1.4 -78.1±2.0 -164.5±6.8 -29.1±4.0 0.992 
iGiC[g] 
UV-vis 402 3.4x105 0.993 4.0x1016 301 1.5 -62.8±2.5 -107.0±8.4 -31.0±5.0 0.981 
Emission 537 1.3x105 0.998 2.2x1015 291 1.3 -63.3±0.9 -115.5±3.2 -29.0±2.0 0.997 
 
UV-vis 414 6.7x103 0.999 3.0x1011 297 1.4 -85.7±1.4 -215.0±4.7 -21.7±2.8 0.997 
AU[h] 
CD 414 6.5x103 0.999 2.7x1011 297 1.3 -105.5±2.4 -281.7±8.1 -21.6±4.9 0.995 
[a] Data at 298 K. [b] Calculated as KT = (Kiso)3. [c] Using Van´t Hoff equation: ݈݊ܭ ൌ െ ∆ு°ோ் ൅
∆ௌ°
ோ ; R = 8.3144621 JK
-1mol-1. [d] Using 
Gibb’s equation: ∆ܩ° ൌ 	∆ܪ° െ ܶ∆ܵ°. [e] Reference 2. [f] THF, 1.25 x 10-5 M. [g] THF, 1.0 x 10-5 M. [h] CHCl3:CCl4 (2:3), 3.0 x 10-4 M  
With regards to the thermodynamic parameters obtained from the temperature-dependent experiments, it 
is important to note that Kiso, KT, H, S andG values calculated at 298 K (where DPN ≈ 1.3-1.5) are in 
accordance independently of the spectroscopic technique employed or the wavelength chosen. At least 5 
wavelengths were tested for each technique, all of them leading to similar results, and the best fits are listed 
in Table S5. Averaged KT values for the isodesmic process were calculated from all these data and exported 
to Table 1 in the text for a tetramerization process. 
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Competition experiments (Figures S15-S16) 
Due to the impressive stability exhibited by our cyclic tetramers, particularly by those formed from the GC 
and iGiC complementary dinucleosides, competition experiments were designed to indirectly evaluate the 
association constants of the cyclotetramerization process in an additional manner. In these experiments, 
increasing amounts of a complementary mononucleoside are gradually added to a solution of the associated 
tetramers in solvents of low polarity such as CDCl3 or 2:3 CDCl3-CCl4. The titration process was monitored by 
two different techniques: 1H NMR at high concentrations (ca. 10-2 M) and emission spectroscopy at relatively 
low concentrations (ca. 10-4 M). The whole set of results is shown in Figures S15 and S16, from which we 
exported to Figure 2a in the text a few representative spectra and dissociation trends. 
These experiments where the intramolecular and intermolecular base pair binding events are made to 
compete constitute the most appropriate way to detach the contribution from the intrinsic chelate effect from 
the overall energy of the system. As a matter of fact, as depicted in the scheme below, the EM of the system 
can be inversely related to the competition equilibrium constant (KC; equilibrium 1) as: EM = 1/KC, making the 
approximation that K2 (equilibrium 2) equals the reference base pair binding constant (Kref; equilibrium 3), 
which was obtained in each solvent in separate titration experiments. 
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S15. Competition experiments measured by 1H NMR  
The spectroscopic changes occurring during titration experiments of GC / iGiC / AU solutions with 
increasing amounts of C / iG / U were monitored by 1H NMR (CDCl3 or CDCl3:CCl4 (2:3)) or emission 
spectroscopy (CHCl3 or CHCl3:CCl4 (2:3)). The experiments were performed by gradual addition of a solution 
of C / iG / U over a solution of GC/ iGiC / AU, respectively. The C / iG / U solution is about 10-100 times more 
concentrated and is made from the initial GC / iGiC / AU solution, so that GC/ iGiC / AU concentration does 
not change during titration.  
In the 1H NMR titration experiments, the initial molar fraction of GC/ iGiC / AU associated as cGC4 / ciGiC4 
/ cAU4 can vary depending on the solvent. We calculated it to be 1.00 in CDCl3 for GC/ iGiC and 0.6 for AU. 
In CDCl3:CCl4 (2:3) it is assumed to be 1.00 for AU. Upon addition of increasing amounts of C / iG / U, the 
cGC4 / ciGiC4 / cAU4 signals gradually disappear and new signals arise, corresponding to the C·GC / iC·iGiC 
/ U·AU species in fast equilibrium with excess C / iG / U. Moreover, it should be remarked that the set of NMR 
spectra show that the cGC4 / ciGiC4 / cAU4 proton signals do not change in position, indicating once again 
slow exchange. Hence, the relative molar fractions of GC/ iGiC / AU in the cGC4 / ciGiC4 / cAU4 species and 
in the C·GC / iC·iGiC / U·AU species could be obtained by signal integration. At least 3 C-H proton signals for 
each species (an example is shown in Figure S15) were averaged to obtain the relative concentrations of cGC4 
/ ciGiC4 / cAU4 and C·GC / iC·iGiC / U·AU. From the analysis of these equilibrium concentrations at different 
C / iG / U concentrations the equilibrium constant (KC) of the competition experiment could be obtained and, 
from here, the KT and the EM values, as explained in the text. However, this was not always possible due to 
practical reasons. For instance, in 1H NMR it was not always possible to find several isolated C-H signals that 
offered a reliable integration, as happened with iGiC and AU in CDCl3. In addition, the data obtained from the 
relative concentrations of cAU4 and U·AU in CDCl3:CCl4 (2:3) could not be fitted appropriately by our model, 
probably because more complex equilibria are taking place in this system involving small open oligomers. 
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Figure S15. 14.5-9.5 ppm and 6.3–5.9 ppm regions of the 1H NMR titration experiments of (a) GC with C in 
CDCl3 ([GC] = 1x10-3 M), (b) iGiC with iC in CDCl3 ([iGiC] = 1x10-3 M) and AU with U (c) in CDCl3 and (d) in 
CDCl3:CCl4 (2:3) ([AU] = 1x10-3 M). In all cases T = 298 K.  
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S16. Competition experiments measured by emission spectroscopy 
Absorption and CD spectroscopy could not be employed in these competition measurements due to signal 
saturation after surpassing a few equivalents of the titrating mononucleoside molecule. Contrarily, emission 
spectroscopy proved useful here, since GC/iGiC/AU could be excited selectively within the 365-400 nm range, 
a region where the C/iC/U nucleosides do not absorb. Hence, the recorded fluorescence spectra correspond 
to the GC/iGiC/AU molecules in different association states. As cGC4/ciGiC4/cAU4 is dissociated with excess 
C/iC/U, respectively, a blue emission shift was noted in all cases (Figure S16), which resembles the changes 
previously monitored by decreasing concentration or increasing temperature (see above). The competition 
experiments with cGC4 and ciGiC4 were performed in CHCl3, but dissociation of cAU4 was monitored again in 
the 2:3 CHCl3-CCl4 mixture, since CHCl3 solutions at low concentrations contained basically monomeric 
species (see Figure S1). 
Fluorescence titration experiments were performed at a concentration about two orders of magnitude lower 
than NMR. The multiwavelength analysis of all the emission spectra recorded during these titrations using 
ReactLab™ EQUILIBRIA afforded the desired equilibrium constant. The whole emission spectra is fitted by 
this program, but only a few selected wavelengths are plotted in Figure S16, together with the calculated cGC4 
/ ciGiC4 / cAU4 initial spectra and C·GC / iC·iGiC / U·AU final spectra in each solvent. The following equilibrium 
reactions were inserted in the program:  
 
where K2 was approximated to Kref, which is known in each solvent, and KT was directly calculated by the 
program (see Table S6 below). As it happened in NMR, the data obtained from the AU system in CDCl3:CCl4 
(2:3) could not be fitted appropriately by our model, probably because more complex equilibria are taking place 
in this system involving small open oligomers. However, the degree of cGC4 / ciGiC4 / cAU4 as a function of 
the equivalents of C / iG / U added could be directly obtained from these experiments in all cases, as 
represented in Figure 2a in the text. 
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Figure S16. Normalized fluorescence emission changes observed in the titration of (a) GC with increasing 
amounts of C in CHCl3 ([GC] = 5x10-5 M, T = 298 K, exc = 390 nm), (b) iGiC with increasing amounts of iC in 
CHCl3 ([iGiC] = 1x10-5 M, T = 298 K, exc = 375 nm) and (c) AU with increasing amounts of U in CHCl3:CCl4 
(2:3)  ([AU] = 2x10-4 M, T = 298 K, exc = 381 nm). Fitting of the emission data of (d) GC in CHCl3 and (e) iGiC 
in CHCl3 by the ReactLab™ EQUILIBRIA software at 5 selected wavelengths. The data from the competition 
experiment with AU could not be fitted appropriately by the program. 
Table S6 collects the KT values that could be calculated from these 1H NMR and emission titration 
experiments.  
Table S6 Cyclotetramerization constants calculated from competition experiments. 
 
Titration data from 1H NMR 
experiments (Figure S15) 
Titration data from emission 
experiments (Figure S16) 
 KT M-3 
KT 
M-3 
GC in CHCl3[2] (5.6±3.1) x1020 (5.0±0.1) x1020 
iGiC in CHCl3 Spectra not suitable for integration (3.3±0.4) x1020 
AU in CHCl3 Spectra not suitable for integration Only monomer is present 
AU in CHCl3/CCl4 (2:3) Data not fitted appropriately by the model 
Data not fitted appropriately by the 
model 
The KT values measured by NMR are subjected to a higher error, close in some cases to 40%. This is due 
to the higher error accompanying proton integration. In contrast, the fluorescence titrations and the 
multiwavelength fitting by the ReactLab™ EQUILIBRIA software produce more reliable data. It should be 
remarked, nevertheless, that the data in CHCl3 measured by NMR or emission is in good agreement. The 
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values measured by these competition experiments, and their associated EMs were exported to Table 1 in the 
text.  
Still, the relation between the molar fraction of GC / iGiC / AU molecules associated as cGC4 / ciGiC4 / 
cAU4 and the number of molar C / iG / U equivalents could be calculated and is plotted in Figure 2a in the text 
for each of the titrations in which we could calculate those values. The measurements performed by NMR or 
emission spectroscopy yield again very similar dissociation trends.  
Speciation profiles (Figures 2b,c in the text) were performed using the Hyss software, version 4.0.31.  
